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WATER DEMAND OPTIMIZATION SYSTEM,
CONTROL SYSTEM AND PROGRAM

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application is a Continuation Application of PCT
Application No. PCT/JP2012/064705, filed Jun. 7, 2012 and
based upon and claiming the benefit of priority from prior
Japanese Patent Application No. 2011-132701, filed Jun. 14,
2011, the entire contents of all of which are incorporated
herein by reference.

FIELD

Embodiments described herein relate generally to a water
demand optimization system which manipulates the demand
for water by customers and controls supply of clear water
from a water-supply system to dwelling units, a control
system which is used in the water demand optimization
system, and a program which is used in a computer of this
system.

BACKGROUND

In a conventional water-supply system, raw water, which
is taken in from rivers, is purified in a water purification
plant. Clear water is supplied to customers via a plurality of
distributing reservoirs. Meanwhile, in a sewage system,
waste water, which is drained by customers, is conveyed to
a sewage treatment plant via a plurality of pumping stations.
The waste water is subjected to sewage treatment in the
sewage treatment plant, and discharged to rivers, etc.

In this manner, the water-supply system and sewage
system carry out their processes according to water demand
by customers.

On the other hand, customers, in many cases, use water
without being conscious of energy costs. It is empirically
known that two peaks of water demand occur in the morning
and evening in a day. The time zones of the morning and
evening, at which the peaks of water demand occur, are time
zones in which the power unit rate is high.

As described above, since the time zone in which the peak
of water demand occurs overlaps the time zone in which the
power unit rate is high, a great deal of water has to be treated
in the water-supply system and sewage system in the time
zones in which the power unit rate is high. Consequently, the
cost of water treatment increases.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a view illustrating the configuration of a water
demand optimization system according to a first embodi-
ment.

FIG. 2 is a view illustrating the configuration of an urban
area and a integrated control apparatus in FIG. 1.

FIG. 3 is a view illustrating a relationship between a
transition of a power unit rate and a transition of water
demand.

FIG. 4 is a view illustrating the configuration of a water-
supply system and a water-supply control apparatus in FIG.
1.

FIG. 5 is a view illustrating the configuration of a sewage
system and a sewerage control apparatus in FIG. 1.

FIG. 6 is a flow chart illustrating a process at a time when
the integrated control apparatus and water-supply control
apparatus in FIG. 1 control the water-supply system.
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FIG. 7 is a flow chart illustrating a process at a time when
the integrated control apparatus and sewerage control appa-
ratus in FIG. 1 control the sewage system.

FIG. 8 is a view illustrating another example of the
functional configuration of the integrated control apparatus
in FIG. 1.

FIG. 9 is a view illustrating the configuration of an urban
area and a integrated control apparatus according to a second
embodiment.

FIG. 10 is a view illustrating a relationship between a
transition of a power unit rate and a transition of water unit
rate.

FIG. 11 is a view illustrating another example of the
functional configuration of the integrated control apparatus
in FIG. 9.

DETAILED DESCRIPTION

In general, according to one embodiment, there is pro-
vided a water demand optimization system which produces
clear water in a water purification plant from raw water
which is taken in from an intake source, conveys the clear
water by a pump, and supplies the clear water via a distrib-
uting reservoir to an urban area including a plurality of
dwelling units. The water demand optimization system
includes a management terminal, a measuring apparatus, a
demand information generating unit and a water-supply
control apparatus. The management terminal is provided in
each of the plurality of dwelling units, and is configured to
drive customer equipment, which performs an operation
using water, in a time zone in which a power unit rate is low
in each of the plurality of dwelling units. The measuring
apparatus is provided in each of the plurality of dwelling
units, and is configured to measure an amount of water used
in the dwelling unit in which the measuring apparatus is
provided. The demand information generating unit is con-
figured to generate water demand information in the urban
area, based on the amount of water measured by the mea-
suring apparatus provided in each of the plurality of dwell-
ing units. The water-supply control apparatus is configured
to control the pump in a manner to meet water demand
which is indicated in the water demand information and to
minimize a treatment cost in the water purification plant and
a cost for conveyance of the clear water with reference to a
variation in the power unit rate.

First Embodiment

FIG. 1is a schematic view illustrating the configuration of
a water demand optimization system 10 according to a first
embodiment. The system 10 shown in FIG. 1 includes an
urban area 11, a integrated control apparatus 12, a water-
supply system 13, a water-supply control apparatus 14, a
sewage system 15 and a sewerage control apparatus 16.

FIG. 2 is a schematic view illustrating the configuration of
the urban area 11 and integrated control apparatus 12
according to the first embodiment. The urban area 11 shown
in FIG. 2 includes a plurality of dwelling units 111-1 to
111-z. Since operations in the dwelling units 111-1 to 111-»
are similar, a description is given of the dwelling unit 111-1
in this example.

In the dwelling unit 111-1, a management terminal 1111,
customer equipment 1112 and a measuring apparatus 1113
are installed.

The customer equipment 1112 is equipment which is
driven by using water, and includes, for instance, a bath
water heater, a washing machine, and a dish washer. The
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customer equipment 1112 is driven according to control
from the management terminal 1111.

The management terminal 1111 is an apparatus having an
interactive communication function, such as a HEMS
(Home Energy Management System) server, a TV, a mobile
phone, a smartphone or a PC. The management terminal
1111 includes an instruction input unit with which a cus-
tomer, who uses the management terminal 1111, inputs an
instruction, and a display unit which displays information,
etc. which is transmitted from the integrated control appa-
ratus 12.

The management terminal 1111 receives time-of-day elec-
tricity rate information and demand information for water,
electricity and gas from the integrated control apparatus 12.
The management terminal 1111 displays the received infor-
mation to the customer by the display unit.

In addition, the management terminal 1111 creates, based
on the time-of-day electricity rate, a control plan for con-
trolling the customer equipment 1112 so that water may be
used in a time zone and by a method with a low power unit
rate. The control plan includes identification information of
the customer equipment 1112 and the start time for starting
the operation of the customer equipment 1112. For example,
the management terminal 1111 creates the control plan such
that the bath water heater is driven from 22:00 at which a
power unit rate is low. The management terminal 1111
displays the created control plan to the customer from the
display unit. Incidentally, the number of control plans, which
are to be created by the management terminal 111, may be
single or plural.

If the displayed control plan is selected by the customer
through the instruction input unit, the management terminal
111 sets the selected control plan as scheduled control. When
a start time, which is designated by the scheduled control,
has come, the management terminal 1111 starts the operation
of equipment which is designated by the scheduled control.
In addition, if scheduled control is set, the management
terminal 1111 notifies the integrated control apparatus 12 of
the information relating to the scheduled control as schedule
information.

As described above, since the management terminal 1111
activates the customer equipment 1112 by avoiding a time
zone in which a power unit rate is high, the electricity rate
can be reduced. FIG. 3 is a view illustrating a relationship
between a transition of a power unit rate and a transition of
water demand. As illustrated in FIG. 3, in general, a time
zone in which water demand is highest substantially coin-
cides with a time zone in which an electricity unit rate is
high. The management terminal 1111 controls water demand
by activating the equipment which uses water by avoiding a
time zone in which a power unit rate is high. Thereby, the
management terminal 1111 can realize a peak shift of water
demand and a peak cut of water demand.

In the meantime, the management terminal 1111 may
receive a request from a customer and may set scheduled
control so as to meet the received request. For example, the
customer inputs a request to the management terminal 1111
so that the bath is heated by 19:00 by the bath water heater
which is involved in the customer equipment 1112. The
management terminal 1111 sets scheduled control so as to
control the bath water heater according to the request from
the customer. In addition, the customer inputs a request to
the management terminal 111 so that washing/drying is
completed by 7:00 in the morning, avoiding the midnight, by
the washing machine which is involved in the customer
equipment 1112. The management terminal 1111 sets sched-
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uled control so as to control the washing machine according
to the request from the customer.

In addition, the management terminal 1111 receives, from
the integrated control apparatus 12, feedback information
which is generated by the integrated control apparatus 12,
based on the result of use of water, electricity and gas. The
feedback information includes, for instance, a power-saving
effect which occurs by shifting the time points of use of
water, electricity and gas. The management terminal 1111
displays the received feedback information to the customer
by the display unit.

The measuring apparatus 1113 is, for example, a smart-
meter, and measures the amount of use of water, electricity
and gas in the dwelling unit 111-1. The measuring apparatus
1113 outputs the measured amount of use to the integrated
control apparatus 12 as use amount data.

The integrated control apparatus 12 includes a demand
information generating unit 121, a feedback information
generating unit 122, a communication unit 123 and a
memory unit 124.

The memory unit 124 stores time-of-day electricity rate
information which is set in advance, and use amount data
which is output from the measuring apparatuses 1113
installed in the dwelling units 111-1 to 111-7.

The demand information generating unit 121 generates
demand information for water, electricity and gas, by taking
statistics of the use amount data stored in the memory unit
124. The demand information has such a format that the
transition of demand can comprehensively be confirmed, for
example, like a transition of demand in respective time
zones in a day. The demand information generating unit 121
transmits, by the communication unit 123, the generated
demand information for water, electricity and gas to the
management terminals 1111 installed in the dwelling units
111-1 to 111-z. In addition, the demand information gener-
ating unit 121 transmits, by the communication unit 123, the
generated demand information for water to the water-supply
control apparatus 14 and sewerage control apparatus 16. In
the meantime, the demand information generating unit 121
may update the generated demand information for water,
electricity and gas, taking into account the schedule infor-
mation which is set by the management terminals 1111 of the
dwelling units 111-1 to 111-z, and may output the updated
information as new demand information.

The feedback information generating unit 122 generates
feedback information of each of the dwelling units 111-1 to
111-z, based on the use amount data from the measuring
apparatus 1113 installed in each dwelling unit, 111-1 to
111-n.

For example, the feedback information generating unit
122 compares the time points of use of water, electricity and
gas, which are included in the use amount data, and general
time points of use of water, electricity and gas. The feedback
information generating unit 122 generates, as feedback
information, for example, a power-saving effect which is
obtained by shifting the time points of use of water, elec-
tricity and gas, taking into account the amount of use of
water and electricity, in relation to the variation of a power
unit rate due to the variation of time points of use.

The communication unit 123 transmits the time-of-day
electricity rate information, which is stored in the memory
unit 124, to the management terminals 1111 installed in the
dwelling units 111-1 to 111-z. In addition, the communica-
tion unit 123 transmits the demand information for water,
electricity and gas, which has been generated by the demand
information generating unit 121, to the management termi-
nals 1111 installed in the dwelling units 111-1 to 111-». The
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communication unit 123 also transmits the demand infor-
mation for water to the water-supply control apparatus 14
and sewerage control apparatus 16. Besides, the communi-
cation unit 123 transmits the feedback information, which
has been generated by the feedback information generating
unit 122 in connection with each of the dwelling units 111-1
to 111-», to the associated dwelling unit.

FIG. 4 is a schematic view illustrating the configuration of
the water-supply system 13 and water-supply control appa-
ratus 14 according to the first embodiment.

The water-supply system 13 shown in FIG. 4 includes a
water purification plant 131, conveying pumps 132-1 to
132-6, first distributing reservoirs 133-1 and 133-2, and
second distributing reservoirs 134-1 to 134-4.

The water purification plant 131 takes in raw water from
an intake source such as a river or groundwater, and pro-
duces clear water by using a plurality of water-purifying
equipment in the water purification plant 131. The clear
water produced in the water purification plant 131 is con-
veyed to the distributing reservoirs 133-1 and 133-2 by the
conveying pumps 132-1 and 132-2. In addition, the clear
water, which has been conveyed to the distributing reservoir
133-1, is conveyed to the distributing reservoirs 134-1 and
134-2 by the conveying pumps 132-3 and 132-4. The clear
water, which has been conveyed to the distributing reservoir
133-2, is conveyed to the distributing reservoirs 134-3 and
134-4 by the conveying pumps 132-5 and 132-6. The clear
water, which is pooled in the distributing reservoirs 134-1 to
134-4, is supplied to the urban area 11 according to demand
from the urban area 11.

The water-supply control apparatus 14 receives demand
information for water, which is generated by the demand
information generating unit 121 included in the integrated
control apparatus 12. Based on the received demand infor-
mation for water and the time-of-day electricity rate, the
water-supply control apparatus 14 controls the conveying
pumps 132-1 to 132-6 so as to meet the water demand of the
urban area 11 and to minimize the cost for production of
clear water in the water purification plant 131 and the cost
for the process of conveying the clear water.

In order to reduce the cost for producing clear water in the
water purification plant 131, it is effective to smooth the
amount of production of clear water, regardless of the
variation of water demand. The reason for this is that high
costs are required for maintaining the equipment that is
adjusted to peaks of water demand. The water-supply con-
trol apparatus 14 controls the conveying pumps 132-1 to
132-6 so that the impoundment ratio of the distributing
reservoirs 133-1, 133-2, and 134-1 to 134-4 may have a
value that is suited to smooth the amount of production of
clear water. In addition, when an increase in water demand
is expected, the water-supply control apparatus 14 may
control the conveying pumps 132-1 to 132-6, thereby to
adjust the impoundment ratio of the distributing reservoirs
133-1, 133-2 and 134-1 to 134-4, to increase the production
of clear water in time zones in which a power unit rate is low,
and to prepare for an increasing water demand.

In addition, in order to lower the cost for the process of
conveying clear water, it is effective to drive the conveying
pumps 132-1 to 132-6 which consume high power, in time
zones in which the power unit rate is low. Specifically, the
water conveying cost can efficiently be reduced if clear
water is conveyed to the distributing reservoirs 134-1 to
134-4 near customers, while the power unit rate is low.

Besides, based on the received demand information for
water and the time-of-day electricity rate, the water-supply
control apparatus 14 may control the conveying pumps
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132-1 to 132-6 so as to meet the water demand of the urban
area 11 and to minimize the power consumption at the time
of the peak of the power unit rate.

FIG. 5 is a schematic view illustrating the configuration of
the sewage system 15 and sewerage control apparatus 16
according to the first embodiment.

The sewage system 15 shown in FIG. 5 includes pumping
stations 151-1 to 151-5, a sewage treatment plant 152 and a
storm-water reservoir 153.

Waste water, which is drained from the urban area 11, is
conveyed to the sewage treatment plant 152 via the pumping
stations 151-1 to 151-5. The sewage treatment plant 152
treats the waste water by using a plurality of sewage
treatment equipment, and discharges the waste water to the
river or sea.

The sewerage control apparatus 16 receives demand
information for water, which is generated by the demand
information generating unit 121 of the integrated control
apparatus 12. Based on the received demand information
and the time-of-day electricity rate, the sewerage control
apparatus 16 controls the pumping stations 151-1 to 151-5
and storm-water reservoir 153 so as to minimize the process
cost in the sewage treatment plant 152.

In order to minimize the cost of the sewage treatment in
the sewage treatment plant 152, it is effective to smooth the
amount of sewage treatment, regardless of the variation of
water demand. The reason for this is that high costs are
required for maintaining the equipment that is adjusted to
peaks of water demand. The sewerage control apparatus 16
controls the pumping stations 151-1 to 151-5 and the gate of
the storm-water reservoir 153, etc. so that the impoundment
ratios of the pumping stations 151-1 to 151-5 and storm-
water reservoir 153 may have a value that is suited to smooth
the amount of sewage treatment.

In addition, based on the received demand information
and the time-of-day electricity rate, the sewerage control
apparatus 16 may control the pumping stations 151-1 to
151-5 and storm-water reservoir 153, so as to minimize the
power consumption at the time of the peak of the power unit
rate.

Next, the control operation of the water-supply system 13
by the integrated control apparatus 12 and water-supply
control apparatus 14 included in the water demand optimi-
zation system 10 having the above-described structure is
described according to the process procedure of the inte-
grated control apparatus 12 and water-supply control appa-
ratus 14.

FIG. 6 is a flow chart illustrating an example of a process
at a time when the integrated control apparatus 12 and
water-supply control apparatus 14 control the water-supply
system 13.

To start with, the integrated control apparatus 12 gener-
ates demand information for water, based on the use amount
data which is output from the measuring apparatuses 1113
installed in the dwelling units 111-1 to 111-» (step S61).

Based on the water demand indicated by the demand
information for water, which has been generated by the
integrated control apparatus 12, and the time-of-day elec-
tricity rate, the water-supply control apparatus 14 sets the
impoundment ratio of the distributing reservoirs 133-1,
133-2, and 134-1 to 134-4, which is optimal for shifting
peaks of the amount of conveyance of clear water and
smoothing the peaks (step S62).

The water-supply control apparatus 14 sends an instruc-
tion to the water-supply system 13 so that the conveying
pumps 132-1 to 132-6 may be driven in a time zone of 0:00
to 7:00 or in a time zone of 20:00 to 24:00, which are time
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zones in which the power unit rate is low, and that the set
impoundment ratio may be satisfied (step S63).

Next, the control operation of the sewage system 15 by
the integrated control apparatus 12 and sewerage control
apparatus 16 included in the water demand optimization
system 10 having the above-described structure is described
according to the process procedure of the control apparatus
12 and sewerage control apparatus 16.

FIG. 7 is a flow chart illustrating an example of a process
at a time when the integrated control apparatus 12 and
sewerage control apparatus 16 control the sewage system
15.

To start with, the integrated control apparatus 12 gener-
ates demand information for water, based on the use amount
data which is output from the measuring apparatuses 1113
installed in the dwelling units 111-1 to 111-» (step S71).

Based on the amount of waste water drained from the
urban area 11, which are obtained based on the water
demand information generated by the integrated control
apparatus 12, and the time-of-day electricity rate, the sew-
erage control apparatus 16 sets the impoundment ratio of the
pumping stations 151-1 to 151-5 and storm-water reservoir
153, which is optimal for shifting peaks of the amount of
conveyance of waste water and smoothing the peaks (step
S72).

The sewerage control apparatus 16 sends an instruction to
the sewage system 15 so that the pumping stations 151-1 to
151-5 may be driven in a time zone of 0:00 to 7:00 or in a
time zone of 20:00 to 24:00, which are time zones in which
the power unit rate is low, and that the set impoundment ratio
may be satisfied (step S73).

As has been described above, in the first embodiment, the
management terminal 1111 controls the customer equipment
1112 so that water may be used in a time zone and by a
method with a low power unit rate, based on the time-of-day
electricity rate. Thereby, the peaks of water demand in each
dwelling unit are shifted, and the peaks of water demand are
smoothed in accordance with this peak shift.

The integrated control apparatus 12 generates demand
information for water, based on the data of the amount of use
of water in the dwelling units 111-1 to 111-», and sends the
generated demand information to the water-supply apparatus
14 and sewerage control apparatus 16. Thereby, the demand
information for water, in which the peak shift and peak
smoothing of water demand in the urban area 11 are taken
into account, is sent to the water-supply apparatus 14 and
sewerage control apparatus 16.

Based on the received demand information and the time-
of-day electricity rate, the water-supply control apparatus 14
controls the conveying pumps 132-1 to 132-6 so as to meet
the water demand of the urban area 11 and to minimize the
cost for production of clear water in the water purification
plant 131 and the cost for the process of conveying the clear
water. Since the water-supply control apparatus 14 shifts and
smoothes the peaks of the amount of conveyance of clear
water in the water-supply system 13, based on the peak-
shifted and peak-smoothed water demand in the urban area
11, the peak shift and peak smoothing of the amount of
conveyance of clear water can be performed more effec-
tively. Accordingly, the cost for production of clear water
and the cost for the process of conveying the clear water can
be reduced. In addition, in the water-supply system 13, the
scale of the plant and the process stress of equipment are
designed with reference to the process amount at a peak
time, so that no overflow occurs in the process even at the
peak time of water demand. Thus, the cost for introducing
the water-supply system 13 can be reduced.
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Therefore, according to the water demand optimization
system 10 of this embodiment, the water demand in the
urban area 11 is peak-shifted and flattened, and the amount
of conveyance of clear water in the water-supply system 13
is peak-shifted and flattened. Thus, it is possible to reduce
the cost for production of clear water, the cost for the process
of conveying clear water, and the cost for introducing the
water-supply system 13.

In addition, in the first embodiment, based on the received
demand information for water and the time-of-day electric-
ity rate, the sewerage control apparatus 16 controls the
pumping stations 151-1 to 151-5 and storm-water reservoir
153. Since the sewerage control apparatus 16 shifts and
smoothes the peaks of the amount of treatment of waste
water in the sewage system 15, based on the peak-shifted
and peak-smoothed water demand in the urban area 11, the
peak shift and peak smoothing of the amount of treatment of
waste water can be performed more effectively. Accordingly,
the cost for treatment of waste water can be reduced. In
addition, in the sewage system 15, the scale of the plant and
the process stress of equipment are designed with reference
to the process amount at a peak time, so that no overflow
occurs in the process even at the peak time of water demand.
Thus, the cost for introducing the sewage system 15 can be
reduced.

Therefore, according to the water demand optimization
system 10 of this embodiment, the water demand in the
urban area 11 is peak-shifted and flattened, and the amount
of treatment of waste water in the sewage system 15 is
peak-shifted and flattened. Thus, it is possible to reduce the
cost for sewage treatment and the cost for introducing the
sewage system 15.

In the first embodiment, the time-of-day electricity rate
and the demand information for water, electricity and gas are
displayed to the customer by the display unit of the man-
agement terminal 1111. It is thinkable that the customer, who
views this display, uses water by avoiding a time zone in
which the power unit rate is high. Specifically, even in the
case where there is equipment which cannot be controlled by
the management terminal 1111, the customer may be
prompted to use water by avoiding a time zone in which the
power unit rate is high. Thereby, in each dwelling unit, the
peak shift and peak smoothing of water demand can be
performed more effectively.

In the first embodiment, the feedback information is
displayed on the display unit of the management terminal
1111. The customer, who views this display, can confirm, for
example, the power-saving effect which has occurred by
his/her own effort, and it is thinkable that the customer
becomes conscious of using water by avoiding a time zone
in which the power unit rate is high. Thereby, in each
dwelling unit, the peak shift and smoothing of water demand
can be performed more effectively.

In the first embodiment, the demand information gener-
ating unit 121 updates the generated demand information for
water, electricity and gas, taking into account the schedule
information which is set by the management terminals 1111
of the dwelling units 111-1 to 111-z. Thereby, it is possible
to provide the demand information for water, electricity and
gas, in which the schedule conditions in other dwelling units
are reflected.

The first embodiment is not limited to the above-de-
scribed contents.

For example, the integrated control apparatus 12 may
transmit to the management terminal 1111 the cumulative
use amounts of water, electricity and gas, in addition to the
time-of-day electricity rate information and the demand
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information for water, electricity and gas. At this time, the
management terminal 1111 creates a control plan of the
customer equipment 1112 so that water may be used in a
time zone and by a method with low costs of water,
electricity and gas, based on the time-of-day electricity rate
information and the cumulative use amounts of water,
electricity and gas. In addition, the management terminal
1111 displays on the display unit the cumulative use amounts
of water, electricity and gas, in addition to the time-of-day
electricity rate information and the demand information for
water, electricity and gas.

It is possible that the unit rates of water, electricity and gas
vary according to the cumulative use amounts of water,
electricity and gas. In such a case, by creating the control
plan by also taking into account the cumulative use amounts
of water, electricity and gas, the utility rates of water,
electricity and gas in each dwelling unit can be reduced. In
addition, by displaying the cumulative use amounts of water,
electricity and gas on the display unit of the management
terminal 1111, the customer can be prompted to take an
action to reduce the utility rate of water, electricity and gas.

The control plan, which is created by the management
terminal 1111, may include, for example, the power-saving
effect which is expectable when each control plan is
adopted. Thereby, the customer can select a control plan
which is more advantageous in peak shift and smoothing of
water demand. In short, in each dwelling unit, the peak shift
and smoothing of water demand can be performed more
effectively.

In the first embodiment, the case, in which the manage-
ment terminal 1111, customer equipment 1112 and measur-
ing apparatus 1113 are independently present in each dwell-
ing unit 111, has been described by way of example.
However, the embodiment is not limited to this example. For
example, the management terminal 1111, customer equip-
ment 1112 and measuring apparatus 1113 may be configured
as an integral unit.

In the first embodiment, the description has been given of
the case in which the management terminal 1111 receives
from the integrated control apparatus 12 the time-of-day
electricity rate and the demand information for water, elec-
tricity and gas, and displays them. However, the manage-
ment terminal 1111 may receive the total use amount of
water, electricity and gas at the present time, and may
display it. In this case, the demand information generating
unit 121 integrates the use amount data at the present time,
calculates the total use amount of water, electricity and gas,
and transmits the total use amount from the communication
unit 123 to the management terminal 1111. It is thinkable
that the customer, who views the display of the total use
amount of water, electricity and gas at the present time,
avoids the use of water in the time zone in which the total
use amount of water is large, thereby to shift and smooth the
peaks of water demand. Thereby, in each dwelling unit, the
peak shift and smoothing of water demand can be performed
more effectively.

In the first embodiment, as shown in FIG. 3, the descrip-
tion has been given, by way of example, of the case in which
the power unit rate is predetermined in each time zone.
However, the embodiment is not limited to the case in which
the time-of-day electricity rate is predetermined, for
example, by the day before, and it is possible to adopt an
RTP (Real Time Pricing) in which the power unit rate
dynamically varies depending on the demand/supply bal-
ance of electricity. In this case, the integrated control appa-
ratus 12 further includes a rate estimation unit 125 as shown
in FIG. 8. The rate estimation unit 125 acquires the elec-
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tricity demand/supply balance from the use amount data
from the measuring apparatuses 1113 installed in the dwell-
ing units 111-1 to 111-z, and estimates the power unit rate,
based on the acquired demand/supply balance.

The demand information generating unit 121 reads out
from the memory unit 124 the use amount data in the
situation in which a power unit rate, which is equal or similar
to the estimated power unit rate, is set. The demand infor-
mation generating unit 121 generates demand information
for water, electricity and gas, by taking statistics of the use
amount data that has been read out.

The communication unit 123 transmits the estimated
power unit rate and the generated demand information for
water, electricity and gas to the management terminals 1111
installed in the dwelling units 111-1 to 111-%. In addition, the
communication unit 123 transmits the generated demand
information for water to the water-supply control apparatus
14 and sewerage control apparatus 16.

Thereby, even when the power unit rate is determined by
the RTP, the integrated control apparatus 12 can achieve
peak shift and flattening of water demand. In addition, even
when the power unit rate is determined by the RTP, the
water-supply control apparatus 14 can achieve peak shift
and flattening of the amount of conveyance of clear water in
the water-supply system 13. It is thus possible to reduce the
cost for production of clear water in the water-supply system
13, the cost for the process of conveying clear water, and the
cost for introducing the water-supply system 13. Moreover,
even when the power unit rate is determined by the RTP, the
sewerage control apparatus 16 can achieve peak shift and
flattening of the amount of waste water. It is thus possible to
reduce the cost for sewage treatment and the cost for
introducing the sewage system 15.

Second Embodiment

In a second embodiment, a description is given of a case
in which the unit rate of water also varies.

FIG. 9 is a schematic view illustrating the configuration of
an urban area 17 and a integrated control apparatus 18
according to the second embodiment. The urban area 17
shown in FIG. 9 includes a plurality of dwelling units 171-1
to 171-n. Since operations in the dwelling units 171-1 to
171-n are similar, a description is given of the dwelling unit
171-1 in this example.

In the dwelling unit 171-1, a management terminal 1711,
customer equipment 1112 and a measuring apparatus 1113
are installed.

The management terminal 1711 is an apparatus having an
interactive communication function, such as a HEMS server,
a TV, a mobile phone, a smartphone or a PC. The manage-
ment terminal 1711 includes an instruction input unit with
which a customer, who uses the management terminal 1711,
inputs an instruction, and a display unit which displays
information, etc. which is transmitted from the integrated
control apparatus 18.

The management terminal 1711 receives time-of-day rate
information of water and electricity and demand information
for water, electricity and gas from the integrated control
apparatus 18. The management terminal 1711 displays the
received information to the customer by the display unit.

In addition, the management terminal 1711 creates, based
on the time-of-day rate information of water and electricity,
a control plan for controlling the customer equipment 1112
so that water may be used in a time zone and by a method
with a low water unit rate and a low power unit rate. The
control plan includes identification information of the cus-
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tomer equipment 1112 and the start time for starting the
operation of the customer equipment 1112. FIG. 10 is a view
illustrating a relationship between a transition of a power
unit rate and a transition of a water unit rate. For example,
the management terminal 1711 creates the control plan such
that the bath water heater is driven from 22:00 at which the
power unit rate and water unit rate are low. The management
terminal 1711 displays the created control plan to the
customer from the display unit.

If the displayed control plan is selected by the customer
through the instruction input unit, the management terminal
1711 sets the selected control plan as scheduled control.
When a start time, which is designated by the scheduled
control, has come, the management terminal 1711 starts the
operation of equipment which is designated by the sched-
uled control. In addition, if scheduled control is set, the
management terminal 1711 notifies the integrated control
apparatus 18 of the information relating to the scheduled
control as schedule information.

As described above, since the management terminal 1711
activates the customer equipment 1112 by avoiding a time
zone in which a water unit rate and a power unit rate are
high, the electricity rate and water rate can be reduced. In
addition, water demand is also controlled, and a peak shift
of water demand and a peak cut of water demand can be
realized.

In the meantime, the management terminal 1711 may
receive a request from a customer and may set scheduled
control so as to meet the received request.

In addition, the management terminal 1711 receives, from
the integrated control apparatus 18, feedback information
which is generated by the integrated control apparatus 18,
based on the result of use of water, electricity and gas. The
feedback information includes, for instance, a power-saving
effect and a water-saving effect, which occur by shifting the
time points of use of water, electricity and gas. The man-
agement terminal 1711 displays the received feedback infor-
mation to the customer by the display unit.

The integrated control apparatus 18 includes a demand
information generating unit 181, a feedback information
generating unit 182, a communication unit 183 and a
memory unit 184.

The memory unit 184 stores time-of-day rate information
of water and electricity, which is set in advance, and use
amount data which is output from the measuring apparatuses
1113 installed in the dwelling units 171-1 to 171-n.

The demand information generating unit 181 generates
demand information for water, electricity and gas, by taking
statistics of the use amount data stored in the memory unit
184. The demand information has such a format that the
transition of demand can comprehensively be confirmed, for
example, like a transition of demand in respective time
zones in a day. The demand information generating unit 181
transmits, by the communication unit 183, the generated
demand information for water, electricity and gas to the
management terminals 1711 installed in the dwelling units
171-1 to 171-n. In addition, the demand information gener-
ating unit 181 transmits, by the communication unit 183, the
generated demand information for water to the water-supply
control apparatus 14 and sewerage control apparatus 16. In
the meantime, the demand information generating unit 181
may update the generated demand information for water,
electricity and gas, taking into account the schedule infor-
mation which is set by the management terminals 1711 of
the dwelling units 171-1 to 171-», and may output the
updated information as new demand information.
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The feedback information generating unit 182 generates
feedback information of each of the dwelling units 171-1 to
171-n, based on the use amount data from the measuring
apparatus 1113 installed in each dwelling unit, 171-1 to
171-n.

For example, the feedback information generating unit
182 compares the time points of use of water, electricity and
gas, which are included in the use amount data, and general
time points of use of water, electricity and gas. The feedback
information generating unit 182 generates, as feedback
information, for example, a power-saving effect and a water-
saving effect, which are obtained by shifting the time points
of use of water, electricity and gas, taking into account the
amount of use of water and electricity, in relation to the
variations of a water unit rate and a power unit rate due to
the variation of time points of use.

The communication unit 183 transmits the time-of-day
rate information of water and electricity, which is stored in
the memory unit 184, to the management terminals 1711
installed in the dwelling units 171-1 to 171-x. In addition,
the communication unit 183 transmits the demand informa-
tion for water, electricity and gas, which has been generated
by the demand information generating unit 181, to the
management terminals 1711 installed in the dwelling units
171-1 to 171-n. The communication unit 183 also transmits
the demand information for water to the water-supply con-
trol apparatus 14 and sewerage control apparatus 16.
Besides, the communication unit 183 transmits the feedback
information, which has been generated by the feedback
information generating unit 182 in connection with each of
the dwelling units 171-1 to 171-#, to the associated dwelling
unit.

As has been described above, in the second embodiment,
the management terminal 1711 controls the customer equip-
ment 1112 so that water may be used in a time zone and by
a method with a low water unit rate and a low power unit
rate, based on the time-of-day rate information of water and
electricity. Thereby, the peaks of water demand in each
dwelling unit are shifted in a manner to deviate from the
peaks of the water unit rate and power unit rate, and the
peaks of water demand are smoothed in accordance with this
peak shift. In addition, the water use rate and electricity use
rate in each dwelling unit can be reduced.

The integrated control apparatus 18 generates demand
information for water, based on the data of the amount of use
of water in the dwelling units 171-1 to 171-r, and sends the
generated demand information to the water-supply apparatus
14 and sewerage control apparatus 16. Thereby, the demand
information for water, in which the peak shift and peak
smoothing of water demand in the urban area 17 are taken
into account, is sent to the water-supply apparatus 14 and
sewerage control apparatus 16.

Based on the received demand information and the time-
of-day electricity rate, the water-supply control apparatus 14
controls the conveying pumps 132-1 to 132-6 so as to meet
the water demand of the urban area 17 and to minimize the
cost for production of clear water in the water purification
plant 131 and the cost for the process of conveying the clear
water. Since the water-supply control apparatus 14 shifts and
smoothes the peaks of the amount of conveyance of clear
water in the water-supply system 13, based on the peak-
shifted and peak-smoothed water demand in the urban area
17, the peak shift and peak smoothing of the amount of
conveyance of clear water can be performed more effec-
tively. Accordingly, the cost for production of clear water
and the cost for the process of conveying the clear water can
be reduced. In addition, in the water-supply system 13, the
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scale of the plant and the process stress of equipment are
designed with reference to the process amount at a peak
time, so that no overflow occurs in the process even at the
peak time of water demand. Thus, the cost for introducing
the water-supply system 13 can be reduced.

Therefore, according to the water demand optimization
system 10 of this embodiment, the water demand in the
urban area 17 is peak-shifted and flattened, and the amount
of conveyance of clear water in the water-supply system 13
is peak-shifted and flattened. Thus, it is possible to reduce
the cost for production of clear water, the cost for the process
of conveying clear water, and the cost for introducing the
water-supply system 13.

In addition, in the second embodiment, based on the
received demand information for water and the time-of-day
electricity rate, the sewerage control apparatus 16 controls
the pumping stations 151-1 to 151-5 and storm-water res-
ervoir 153. Since the sewerage control apparatus 16 shifts
and smoothes the peaks of the amount of treatment of waste
water in the sewage system 15, based on the peak-shifted
and peak-smoothed water demand in the urban area 17, the
peak shift and peak smoothing of the amount of treatment of
waste water can be performed more effectively. Accordingly,
the cost for treatment of waste water can be reduced. In
addition, in the sewage system 15, the scale of the plant and
the process stress of equipment are designed with reference
to the process amount at a peak time, so that no overflow
occurs in the process even at the peak time of water demand.
Thus, the cost for introducing the sewage system 15 can be
reduced.

According to the water demand optimization system 10 of
this embodiment, the water demand in the urban area is
peak-shifted and flattened, and the amount of treatment of
waste water in the sewage system 15 is peak-shifted and
flattened. Thus, it is possible to reduce the cost for sewage
treatment and the cost for introducing the sewage system 15.

In the second embodiment, the time-of-day rate informa-
tion of water and electricity and the demand information for
water, electricity and gas are displayed to the customer by
the display unit of the management terminal 1711. It is
thinkable that the customer, who views this display, uses
water by avoiding a time zone in which the water unit rate
and power unit rate are high. Specifically, even in the case
where there is equipment which cannot be controlled by the
management terminal 1711, the customer may be prompted
to use water by avoiding a time zone in which the water unit
rate and the power unit rate are high. Thereby, in each
dwelling unit, the peak shift and peak smoothing of water
demand can be performed more effectively. In addition, in
each dwelling unit, the water use rate and power use rate can
be more reduced.

In the second embodiment, the feedback information is
displayed on the display unit of the management terminal
1711. The customer, who views this display, can confirm, for
example, the power-saving effect and water-saving effect,
which have occurred by his/her own effort, and it is think-
able that the customer becomes conscious of using water by
avoiding a time zone in which the water unit rate and power
unit rate are high. Thereby, in each dwelling unit, the peak
shift and smoothing of water demand can be performed
more effectively. In addition, in each dwelling unit, the water
and electricity use rates can be more reduced.

In the second embodiment, the demand information gen-
erating unit 181 updates the generated demand information
for water, electricity and gas, taking into account the sched-
ule information which is set by the management terminals
1711 of the dwelling units 171-1 to 171-n. Thereby, it is
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possible to provide the demand information for water,
electricity and gas, in which the schedule conditions in other
dwelling units are reflected.

The second embodiment is not limited to the above-
described contents.

For example, the integrated control apparatus 18 may
transmit to the management terminal 1711 the cumulative
use amounts of water, electricity and gas, in addition to the
time-of-day rate information of water and electricity and the
demand information for water, electricity and gas. At this
time, the management terminal 1711 creates a control plan
of the customer equipment 1112 so that water may be used
in a time zone and by a method with low unit rates of water,
electricity and gas, based on the time-of-day rate informa-
tion of water and electricity and the cumulative use amounts
of water, electricity and gas. In addition, the management
terminal 1711 displays on the display unit the cumulative
use amounts of water, electricity and gas, in addition to the
time-of-day rate information of water and electricity and the
demand information for water, electricity and gas. In the
case where the unit rates of water, electricity and gas vary
according to the cumulative use amounts of water, electricity
and gas, by creating the control plan by also taking into
account the cumulative use amounts of water, electricity and
gas, the utility rates of water, electricity and gas in each
dwelling unit can be reduced. In addition, by displaying the
cumulative use amounts of water, electricity and gas on the
display unit of the management terminal 1711, the customer
can be prompted to take an action to reduce the utility rates
of water, electricity and gas.

The control plan, which is created by the management
terminal 1711, may include, for example, the power-saving
effect and water-saving effect, which are expectable when
each control plan is adopted. Thereby, the customer can
select a control plan which is more advantageous in peak
shift and smoothing of water demand. In short, in each
dwelling unit, the peak shift and smoothing of water demand
can be performed more effectively. In addition, in each
dwelling unit, the utility rates of water and electricity can be
more reduced.

In the second embodiment, the case, in which the man-
agement terminal 1711, customer equipment 1112 and mea-
suring apparatus 1113 are independently present in each
dwelling unit 171, has been described by way of example.
However, the embodiment is not limited to this example. For
example, the management terminal 1711, customer equip-
ment 1112 and measuring apparatus 1113 may be configured
as an integral unit.

In the second embodiment, the description has been given
of'the case in which the management terminal 1711 receives
from the integrated control apparatus 18 the time-of-day rate
information of water and electricity and the demand infor-
mation for water, electricity and gas, and displays them.
However, the management terminal 1711 may receive the
total use amount of water, electricity and gas at the present
time, and may display it. In this case, the demand informa-
tion generating unit 181 integrates the use amount data at the
present time, calculates the total use amount of water,
electricity and gas, and transmits the total use amount from
the communication unit 183 to the management terminal
1711. It is thinkable that the customer, who views the display
of the total use amount of water, electricity and gas at the
present time, avoids the use of water in the time zone in
which the total use amount of water is large, thereby to shift
and smooth the peaks of water demand. Thereby, in each
dwelling unit, the peak shift and smoothing of water demand



US 9,464,412 B2

15

can be performed more effectively. In addition, in each
dwelling unit, the utility rates of water and electricity can be
more reduced.

In the second embodiment, as shown in FIG. 10, the
description has been given, by way of example, of the case
in which the water unit rate and power unit rate are prede-
termined in each time zone. However, the embodiment may
also applicable to the case of adopting an RTP (Real Time
Pricing) in which the water unit rate and power unit rate
dynamically vary depending on the demand/supply balance
of water and electricity. In this case, the integrated control
apparatus 18 further includes a rate estimation unit 185 as
shown in FIG. 11. The rate estimation unit 185 acquires the
electricity demand/supply balance from the use amount data
from the measuring apparatuses 1113 installed in the dwell-
ing units 171-1 to 171-n, and estimates the power unit rate,
based on the acquired demand/supply balance. In addition,
the rate estimation unit 185 acquires the water demand/
supply balance from the use amount data from the measur-
ing apparatuses 1113 installed in the dwelling units 171-1 to
171-n, and estimates the water unit rate, based on the
acquired demand/supply balance.

The demand information generating unit 181 reads out
from the memory unit 184 the use amount data in the
situation in which a water unit rate and a power unit rate,
which are equal or similar to the estimated water unit rate
and power unit rate, are set. The demand information
generating unit 181 generates demand information for water,
electricity and gas, by taking statistics of the use amount
data that has been read out.

The communication unit 183 transmits the estimated
water unit rate and power unit rate and the generated demand
information for water, electricity and gas to the management
terminals 1711 installed in the dwelling units 171-1 to 171-n.
In addition, the communication unit 183 transmits the gen-
erated demand information for water to the water-supply
control apparatus 14 and sewerage control apparatus 16.

Thereby, even when the water unit rate and power unit
rate are determined by the RTP, the integrated control
apparatus 18 can achieve peak shift and flattening of water
demand. In addition, even when the water unit rate and
power unit rate are determined by the RTP, the water-supply
control apparatus 14 can achieve peak shift and flattening of
the amount of conveyance of clear water in the water-supply
system 13. It is thus possible to reduce the cost for produc-
tion of clear water in the water-supply system 13, the cost for
the process of conveying clear water, and the cost for
introducing the water-supply system 13. Moreover, even
when the water unit rate and power unit rate are determined
by the RTP, the sewerage control apparatus 16 can achieve
peak shift and flattening of the amount of waste water. It is
thus possible to reduce the cost for sewage treatment and the
cost for introducing the sewage system 15. In each of the
above-described embodiments, water, electricity and gas
have been described by way of example. However, energy
may be other than these.

In each of the above-described embodiments, the descrip-
tion has been given of the example in which the unit rates of
water and electricity vary from time zone to time zone.
However, the embodiments are not limited to this example.
For example, the embodiments are similarly applicable to
the case in which the unit rate of gas varies from time zone
to time zone.

While certain embodiments have been described, these
embodiments have been presented by way of example only,
and are not intended to limit the scope of the inventions.
Indeed, the novel embodiments described herein may be
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embodied in a variety of other forms; furthermore, various
omissions, substitutions and changes in the form of the
embodiments described herein may be made without depart-
ing from the spirit of the inventions. The accompanying
claims and their equivalents are intended to cover such
forms or modifications as would fall within the scope and
spirit of the inventions.

What is claimed is:

1. A water demand optimization system which conveys
clear water from a water purification plant to a distributing
reservoir by a pump, and supplies the clear water pooled in
the distributing reservoir to an urban area including a
plurality of dwelling units, the water demand optimization
system comprising:

a management terminal provided in each of the plurality
of dwelling units, and configured to drive customer
equipment, which performs an operation using water,
in a time zone in which a power unit rate is low in each
of the plurality of dwelling units;

a measuring apparatus provided in each of the plurality of
dwelling units, and configured to measure an amount of
water used in the dwelling unit in which the measuring
apparatus is provided;

a demand information generating unit configured to gen-
erate water demand information in the urban area,
based on the amount of water measured by the mea-
suring apparatus provided in each of the plurality of
dwelling units; and

a water-supply control apparatus configured to set an
impoundment ratio of the distributing reservoir based
on water demand indicated in the water demand infor-
mation and a power unit rate, and to control the pump
to convey the clear water in an amount satisfying the set
impoundment ratio to the distributing reservoir in a
time zone in which the power unit rate is low.

2. The water demand optimization system of claim 1,
wherein the management terminal is configured to generate
schedule control for driving the customer equipment in the
time zone in which the power unit rate is low, and to output
information relating to the schedule control to the demand
information generating unit, and

the demand information generating unit is configured to
update the water demand information, based on the
information relating to the schedule control.

3. The water demand optimization system of claim 2,
wherein the power unit rate dynamically varies in accor-
dance with a demand/supply balance of electricity,

the measuring apparatus is configured to further measure
an amount of electricity used in the dwelling unit in
which the measuring apparatus is provided,

the water demand optimization system further comprises
a rate estimation unit configured to acquire a demand/
supply balance of electricity from the measured amount
of electricity, and to estimate a power unit rate, based
on the acquired demand/supply balance, and

the demand information generating unit is configured to
generate the water demand information in the urban
area, based on the estimated power unit rate and
statistics of the amount of water measured by the
measuring apparatus.

4. The water demand optimization system of claim 3,
wherein the water demand optimization system conveys
waste water, which comes from the urban area, from a
pumping station to a sewage treatment plant, and subjects
the waste water to sewage treatment in the sewage treatment
plant, and
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the water demand optimization system further comprises
a sewerage control apparatus configured to perform
sewage treatment of waste water in accordance with
water demand indicated in the water demand informa-
tion, and to control the pumping station in a manner to
minimize a treatment cost in the sewage treatment plant
by referring to a variation in the power unit rate.

5. The water demand optimization system of claim 2,
wherein a water unit rate varies from time zone to time zone,
and

the management terminal is configured to drive the cus-

tomer equipment in a time zone in which the power unit
rate and the water unit rate are low.

6. The water demand optimization system of claim 5,
wherein the water demand optimization system conveys
waste water, which comes from the urban area, from a
pumping station to a sewage treatment plant, and

subjects the waste water to sewage treatment in the

sewage treatment plant, and

the water demand optimization system further comprises

a sewerage control apparatus configured to perform
sewage treatment of waste water in accordance with
water demand indicated in the water demand informa-
tion, and to control the pumping station in a manner to
minimize a treatment cost in the sewage treatment plant
by referring to a variation in the power unit rate.

7. The water demand optimization system of claim 5,
wherein the power unit rate and the water unit rate dynami-
cally vary in accordance with demand/supply balances of
electricity and water, respectively,

the measuring apparatus is configured to further measure

an amount of electricity used in the dwelling unit in
which the measuring apparatus is provided,

the water demand optimization system further comprises

a rate estimation unit configured to acquire a demand/
supply balance of electricity from the measured amount
of electricity, to estimate a power unit rate, based on the
acquired demand/supply balance of electricity, to
acquire a demand/supply balance of water from the
measured amount of water, and to estimate a water unit
rate, based on the acquired demand/supply balance of
water, and

the demand information generating unit is configured to

generate the water demand information in the urban
area, based on the estimated power unit rate, the
estimated water unit rate, and statistics of the amount of
water measured by the measuring apparatus.

8. The water demand optimization system of claim 7,
wherein the water demand optimization system conveys
waste water, which comes from the urban area, from a
pumping station to a sewage treatment plant, and subjects
the waste water to sewage treatment in the sewage treatment
plant, and

the water demand optimization system further comprises

a sewerage control apparatus configured to perform
sewage treatment of waste water in accordance with
water demand indicated in the water demand informa-
tion, and to control the pumping station in a manner to
minimize a treatment cost in the sewage treatment plant
by referring to a variation in the power unit rate.

9. The water demand optimization system of claim 2,
wherein the water demand optimization system conveys
waste water, which comes from the urban area, from a
pumping station to a sewage treatment plant, and subjects
the waste water to sewage treatment in the sewage treatment
plant, and
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the water demand optimization system further comprises
a sewerage control apparatus configured to perform
sewage treatment of waste water in accordance with
water demand indicated in the water demand informa-

5 tion, and to control the pumping station in a manner to
minimize a treatment cost in the sewage treatment plant
by referring to a variation in the power unit rate.

10. The water demand optimization system of claim 1,
wherein the power unit rate dynamically varies in accor-

10 dance with a demand/supply balance of electricity,

the measuring apparatus is configured to further measure

an amount of electricity used in the dwelling unit in
which the measuring apparatus is provided,

the water demand optimization system further comprises

15 a rate estimation unit configured to acquire a demand/
supply balance of electricity from the measured amount
of electricity, and to estimate a power unit rate, based
on the acquired demand/supply balance, and

the demand information generating unit is configured to

20 generate the water demand information in the urban
area, based on the estimated power unit rate and
statistics of the amount of water measured by the
measuring apparatus.

11. The water demand optimization system of claim 10,

25 wherein the water demand optimization system conveys

waste water, which comes from the urban area, from a
pumping station to a sewage treatment plant, and subjects
the waste water to sewage treatment in the sewage treatment
plant, and

30 the water demand optimization system further comprises
a sewerage control apparatus configured to perform
sewage treatment of waste water in accordance with
water demand indicated in the water demand informa-
tion, and to control the pumping station in a manner to

35 minimize a treatment cost in the sewage treatment plant
by referring to a variation in the power unit rate.

12. The water demand optimization system of claim 1,
wherein a water unit rate varies from time zone to time zone,
and

40  the management terminal is configured to drive the cus-
tomer equipment in a time zone in which the power unit
rate and the water unit rate are low.

13. The water demand optimization system of claim 12,
wherein the water demand optimization system conveys

45 waste water, which comes from the urban area, from a

pumping station to a sewage treatment plant, and subjects
the waste water to sewage treatment in the sewage treatment
plant, and

the water demand optimization system further comprises

50 a sewerage control apparatus configured to perform
sewage treatment of waste water in accordance with
water demand indicated in the water demand informa-
tion, and to control the pumping station in a manner to
minimize a treatment cost in the sewage treatment plant

55 by referring to a variation in the power unit rate.

14. The water demand optimization system of claim 12,
wherein the power unit rate and the water unit rate dynami-
cally vary in accordance with demand/supply balances of
electricity and water, respectively,

60  the measuring apparatus is configured to further measure
an amount of electricity used in the dwelling unit in
which the measuring apparatus is provided,

the water demand optimization system further comprises

a rate estimation unit configured to acquire a demand/

65 supply balance of electricity from the measured amount
of electricity, to estimate a power unit rate, based on the
acquired demand/supply balance of electricity, to
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acquire a demand/supply balance of water from the
measured amount of water, and to estimate a water unit
rate, based on the acquired demand/supply balance of
water, and

the demand information generating unit is configured to
generate the water demand information in the urban
area, based on the estimated power unit rate, the
estimated water unit rate, and statistics of the amount of
water measured by the measuring apparatus.

15. The water demand optimization system of claim 14,
wherein the water demand optimization system conveys
waste water, which comes from the urban area, from a
pumping station to a sewage treatment plant, and subjects
the waste water to sewage treatment in the sewage treatment
plant, and

the water demand optimization system further comprises
a sewerage control apparatus configured to perform
sewage treatment of waste water in accordance with
water demand indicated in the water demand informa-
tion, and to control the pumping station in a manner to
minimize a treatment cost in the sewage treatment plant
by referring to a variation in the power unit rate.

16. The water demand optimization system of claim 1,
wherein the water demand optimization system conveys
waste water, which comes from the urban area, from a
pumping station to a sewage treatment plant, and subjects
the waste water to sewage treatment in the sewage treatment
plant, and

the water demand optimization system further comprises
a sewerage control apparatus configured to perform
sewage treatment of waste water in accordance with
water demand indicated in the water demand informa-
tion, and to control the pumping station in a manner to
minimize a treatment cost in the sewage treatment plant
by referring to a variation in the power unit rate.

17. A control system for use in a water demand optimi-
zation system which conveys clear water from a water
purification plant to a distributing reservoir by a pump, and
supplies the clear water pooled in the distributing reservoir
to an urban area including a plurality of dwelling units, the
control system comprising:

a demand information generator configured to generate
water demand information, based on an amount of
water used in each of the plurality of dwelling units;

a first setting unit configured to set an impoundment ratio
of the distributing reservoir, based on water demand of
the urban area which is indicated in the water demand
information, and a power unit rate;

and

a water-supply instruction unit configured to instruct the
pump to drive such that the clear water in an amount
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satisfying the set impoundment ratio is conveyed to the
distributing reservoir in a time zone in which the power
unit rate is low.

18. The control system of claim 17, wherein the water
demand optimization system conveys waste water, which
comes from the urban area, from a pumping station to a
sewage treatment plant, and subjects the waste water to
sewage treatment in the sewage treatment plant, and

the control system further comprises:

second setting unit configured to set an impoundment
ratio of the pumping station, based on an amount of
waste water drained from the urban area, which is
obtained from the water demand information, and a
power unit rate; and

sewerage instruction unit configured to instruct the pump-
ing station to drive such that the set impoundment ratio
of the pumping station is satisfied in a time zone in
which the power unit rate is low.

19. A non-transitory computer-readable storage medium
storing a program for use in a computer of a water demand
optimization system which conveys clear water from a water
purification plant to a distributing reservoir by a pump, and
supplies the clear water pooled in the distributing reservoir
to an urban area including a plurality of dwelling units, the
program controlling the computer to execute:

a demand information generating process of generating
water demand information, based on an amount of
water used in each of the plurality of dwelling units;

a first setting process of setting an impoundment ratio of
the distributing reservoir, based on water demand of the
urban area which is indicated in the water demand
information, and a power unit rate; and

a water-supply instruction process of instructing the pump
to drive such that the clear water in an amount satis-
fying the set impoundment ratio is conveyed to the
distributing reservoir in a time zone in which the power
unit rate is low.

20. The program of claim 19, wherein the water demand
optimization system conveys waste water, which comes
from the urban area, from a pumping station to a sewage
treatment plant, and subjects the waste water to sewage
treatment in the sewage treatment plant, and

the program controls the computer to further execute:

a second setting process of setting an impoundment ratio
of the pumping station, based on an amount of waste
water drained from the urban area, which is obtained
from the water demand information, and a power unit
rate; and

a sewerage instruction process of instructing the pumping
station to drive such that the set impoundment ratio of
the pumping station is satisfied in a time zone in which
the power unit rate is low.
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